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ELECTROCHEMICAL BEHAVIOR OF CHROMIUM (II) AND CHROMIUM (III)
IONS ON A MERCURY DROP ELECTRODE IN SULFATE MEDIA

P.I. Zabotin, Ye.I. Vasil'yeva, V.M. Tsokalo and G.Z. Kir'yakov

In electrodeposition of chromium on solid or mercury elec- /52"

trodes, and in corrosion of chromium and its alloys, the Cr (II),

Cr (III) oxidation-reduction reaction takes place. The reaction

Cr ((Il)+ Cr (II) can also characterize the specifics of the

effect of the nature and composition of the solution on many

electrode processes, taking place with chromium ions.

Trivalent chromium may be in a sulfuric acid medium (according

to Werner [1]), both in the form of the hexahydrate [Gr(H 2 0) 6
3+

(violet modification), and in the form of a complex, in which

part of the water is replaced by the sulfuric acid anion

(greenmodification). A.V. Pamfilov and A.I. Lopushanskaya and

colleagues [2-61, studying the behavior of Cr (III) in hitrate,

chloride and sulfate solutions, polarographically, spectrophoto-

metrically and galvanostatically, think that the green modifica-

tion of chromium is not a product of replacement of water in the

inner sphere of the complex trivalent chromium ion by the acid

anion, but is a product, formed as a result of polymerization of

a hydroxo or oxo compound of trivalent chromium.

The existenceof polymer molecules of trivalent chromium,

connected by means of hydroxyl (-OH-) bridges or ox6 (-0-)

bridges, a portion of which may also be replaced by C1-, S04-
and others, also is noted in works [7-10]. In this case, the

hydroxylation and oxolation processes favor an increase in tem-

perature and alkalinity of the solution. Moreover, compounds of

the type [Cr(H 2 0)yAx] ± are known, which do not contain hydroxo

groups, and where A are various complex-forming groups [10, 11].

* Numbers in the margin indicate pagination in the foreign text.
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Ardon and Linenberg have observed that, in oxidation of divalent

chromium by acid in a perchlorate medium, binucelar Cr (III)

complexes form, with an oxp, or a hydroxo bridge. Thus, it is

evident that, depending on composition of the medium and other

conditions, various types of complex Cr (III), Cr (II) compounds

may occur, with one competing group or another (H2 0,NH 3 , amines,

OH , various anions, etc.) or mixturesoof them.

We have attempted in this work to give the principal astn-

tion to the effect of sulfate anion concentration on the electro-

chemical behavior of the Cr (II) and Cr (III) ions in water

solutions. Since it is well-known [13] that, in sulfate media,

trivalent chromium produces irreversible reduction waves, for

evaluation of certain kinetic parameters of the Cr (II) - Cr (III)

oxidation-reduction reaction, and for evaluation of the fractional

participation of sulfate anions in formation of the chromium

complexes in sulfate media, analysis of the anode-cathode irre- /53

versible polarographic waves of A.G. Stromberg was used [14-18].

Polarography was carried out mainly by the method described

earlier [19], using Lp 55 and Lp 60 polarographs.

A solution containing Cr (II) was prepared by electrolysis

of trivalent chromium sulfate (n 10 g/k Cr), in a separate sealed

electrolyzer, with the anode and cathode compartments separated

by a porous glass diaphragm. The electrolysis conditions:

cathode, lead; anode, platinum; cathode current density

100-200 A/m 2 (10-2-2-10- 2 A/cm 2 ); electrolysis time, 3-4 hours,

bulk current density 5-15 A/£. The electrolysis was carried out,

until accumulation of ,50% of the total chromium content as

Cr (II) in the solution. Analysis of divalent chromium was

carried out by the well-known iodometric method. The total

chromium content in the final solution for polarography was

3-4.10-3 M. Galvanometer sensitivity with the working shunt

(1/200) was 5.6-10 - 7 A/mm. The quantities m and T, characterizing
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the properties of the capillary at # = -1.0 V in the polarpgraph

solution, were m = 2.45 mg'sec-1 and T = 3.6 sec, respectively.

Experimental Section

Polarograms of reduction of Cr (III) (curvesK) and oxidation

of Cr (II) (curves A), in a mercury drop electrode, on a back-

ground of 0.01, 0.1, 0.5 and 1.0 M Na 2 SO 4 [.(NH4) 2 SO 4 ], with

solution pH 2.9-3.7, are presented in Fig. 1.

The curves in Fig. 2 express

log id - for the anode (A) and

cathode (K) waves of Cr (II) +

K 2 4 Cr (III), vs. cathode potential.
-02

~2 6 - The anode and cathode half- /54

K wave potentials were determined

more precisely from the curves of

Fig. 2. The slope angles b/a and

b/B and the transpor,t numbers

Fig. 1. Polarograms of a and were determined from them

Cr (III) reduction (K) also.
and Cr (II) oxidation
(A), in mercury drop
electrode, on background For calculations of the
of 0.01-1 M S04 2- solu-
tions, t 25; 1. 0.01 M equilibrium potentials of the

Na 2 S04, pH 3.1; 2. 0.1 M Cr (III0-Cr (II) half-waves, the
Na 2 SO 4, pH 3.3; 2'. 0.1 M exchanger currents or exchange

a2  p 2 exchanger currents or exchangeNa2SO4, pH 2.9; 3. 0.5 M
Na 2 SO4, pH 3.7; 4. 1.0 M current densities of this oxida-
(N)2SO1.0 (NH4)2 pH 3.4; tion-reduction reaction, as well
4". 1.0 M (NH4)2 SO 4 ,
pH 3.2. as the coordination number of site

P, occupied by the S042- anions

in the complex Cr (III) compounds, discharged at the cathode,

the equation of A.G. Stromberg was used [14-171. In this case,

the exchange current calculations were carried out by a
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formula, taking the inequality of

S ,. the sum of coefficients a + B to

S , , one into account

lo log o I bg l] ' ~

(1)

Fig. 2. log i
The equilibrium potential'

for Fig. 1 polarograms;
designations the same. of the Cr (III)-CrJt(II) oxidation-

reduction on the mercury drop

electrode was calculated from

equation (2) also considering that a + 8 Z 1

a 'P'1. h + TV. a(2)

The dependence of the half-wave potentials of the irreversible

Cr (III) reduction, Cr (II) oxidation waves and the Cr (III)

+ Cr (II) oxidation-reduction reaction vs. the logarithm of the

S04 2 - addend-anion concentration (41/2 - log Cx ) is presented

in Fig. 3, and the dependence of the transport .numbers

a and B and exchange current density (i0 fAA-cm- 2 ) of the Cr (III) * /55

4 Cr (II) reaction on the drop electrode in sulfate solution2-
vs. logarithm of the SO 4 2- anion concentration (Ck) is depicted

in Fig. 4.

It follows from Fig. 4.that the Cr (III)-Cr (II) oxidation-

reduction reaction takes place in sulfate solutions, at quite

a low rate, which is indicated by the low values of the exchange

current densities. The equilibrium potential of thisrreaction

and the exchange points depend heavily on the sulfate anion

concentration in the solution, which is confirmed by the reaction

of Cr (III) with SO 4 2- anions. The dependences of 41/2 and 10
on log Cx, represented in the graphs, permits a quantitative
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K' estimate of certain properties of

the Cr (III) complexes formed and

o discharged.

Data on the dependence of the

Cr (III)-Cr (II) reduction-oxidation

half-wave potentials and the

equilibrium potentials of the

reaction vs. the logarithm of the
2-

_ 2-SO anion concentration, in sulfate-

perchlorate solutions, with a total

Na 2 SO 4 + NaC104 content = 1 M,
- o log z are presented in Fig. 5. The per-

Fig. 3. Half-wave po- chlorate anion was used, as the
tentials of Cr .(III) most inert, from the point of view
reduction (K), Cr (II)
oxidation (A) and equili- of complex formation of the addi-

brium potential of tive, to maintain a constant ion
4 1/2 P half-wave of
Cr (II)-Cr(.(III) oxida- strength.
tion-reduction (P) vs.
log concentration

S04 2 -. The dependence of the Cr (III) +

r C,0"(II) exchange reaction current

density 10 vs. the logarithm of the

sulfate anion concentration (log Cx), in a solution containing

1 M Na 2 SO 4 + NaC1O4 is shown in Fig. 6.

In tests with perchlorate-sulfate solutions, a larger

spread of the experimental points was observed than in pure

sulfate solutions. This is especially evident from Fig. 6, in

which the values of the Cr (III) + Cr (II) exchange reaction
2-

current densities are presented, with various S04 concentrations

in the solution.

The deterioration in reproducibility most likely is con-

nected with the fact that, in testswith the perchlorate-sulfate
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solutions, greater ,~:variationw in /56

X Af m ,the solution pH was permitted, than

in the tests with sulfate solutions.

' 7 A common cause of some spread in

the experimental points, for some

SAl solutions and others, most likely

O.. is the slowness of transformation

-c of some complexes into others,

a before establishment of complete

4j9 equilibrium and the impossibility

' O of arbitrarily increasing the time

S. for preliminary stabilization of/0 _

-2 -/ the solutions, because of decomposi-

tion of the divalent chromium in
Fig. 4. Transport
numbers a and 8 and the solutions.

exchange current den-
sity i0 of Cr(III)-
Cr (II) reaction vs. Despite some spread of points
log concentration in Fig. 6, it can, however, be
Na 2 SO4 (log Cx),
pH 2.9-3.4, t 250. stated that the Cr (III) Cr (II)
Crtotal = 3-4.10-3 M. exchange current densities at

250 and in sulfate-perchlorate

solutions remain low. Within a

certain tolerance, it also can be assumed that the exchange cur-

rent density i0 , for Cr (III)-Cr (II) in perchlorate-sulfate

solutions, changesnegligibly on the average with the logarithm

of the S042- anion concentration (average value is \10 - 6 A/cm2).

It is evident from Fig. 5 that the equilibrium potentials

of the Cr (III)-Cr (II) oxidation-reduction reaction half-waves

in the perchlorate-sulfate solutions, also changes with the
2-

logarithm of the SO 4 2- concentrations, but to a lesser extent,

than in pure sulfate solutions. This noticeable difference in

behavior of Cr (III) and Cr (II), with identical changes in SO 42-

concentration in sulfate and sulfate-perchlorate solutions, may

6



'/ indicate that the C10 4 anions are

SK not completely indifferent to

Cr (III). Thus, the change in

equilibrium half-wave potentials

of the Cr (III) Z Cr (II) oxida-

-V6 CL tion-reduction reaction with
2-

change in SO 4  concentration

(with [S0 4 2-] + [C10 1] = 1 M),

may reflect a change from pre-

-2 -I #1c;. C-7/ I dominance in the solution of

hydrate and chlorate Cr (III)
Fig. 5. Half-wave potenl
tials 41/2 of Cr (III) complexes to sulfate. It is evi-
reduction (K), Cr (II) dentathat the latter are more
oxidation (A) and the
equilibrium half-wave stable, since ¢1/2p shifts more
potentialel/2 of the in the negative direction with
Cr (III) - Cr (II) 2-
oxidation-reduction vs. increase in SO 4  concentration,
log concentration SO 4

2- than with increase in C10
(Na2 SO4 + NaC10 4 = 1 M,
t 250). concentration.

These conclusions are in

conformance with the thought of F. Rozotti [1, p. 131, who noted:

"It usually is erroneously assumed that sodium perchlorate is

used as the ionic medium, because the perchlorate ion does not

form complexes. Hg (I), Fe (III), and Ce (III) at least form

perchlorate complexes."

According to the equation

RT DRed RT Kox

' comp -- 2(nm) F g Dox (n -m)Fg K .

- (- q) pogx],(n-m)

the values of Kox/Kred, the ratio of the stability constant of

trivalent chromium complexes to the stability constants of
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Sdivalent chromium complexes, as well

" Jas the values of (p - q), the dif-

ference in ligand numbers of both

. o .complexes, were calculated. If it

/0 0 o 0 is assumed that divalent chromium

o ions occur mainly in the form of

/ hexahydrates, i.e. Kred " 1, the

a value of Kox/Kred will determinethe

/ , \ stability constant of trivalent

V2-/ Ob chromium Kox, and the value of (p " q),

the value of p', the number of
Fig. 6. Cr (III) 4 Cr
Fi coordination sites, substituted in
(II) exchange reaction
current density i0 vs. the six-water complex of trivalent

log S042- concentration chromium. It also was assumed in the
(log Cx) in (Na2 SO 4 +
+ NaC104 = 1 M, pH calculations that p, the equilibrium
1.8-3.7, t 250), potentiali of thec oxidation-reduction
solution.

half-wave of the Cr (III) and Cr (II) /57

hexahydrates, can be determined from

equation (2).

The accuracy in determination of the stability constants

(or instability K) depends on the degree of approximation of the

assumed values to the actual ones.

For the case of Cr (III) complex formation in sulfate solu-

tions of 0.01, 0.1 and 1.0 M Na 2 SO4 at 250 (see Fig. 3),

(I/2)p
A log Cx= b'p = 0.059 p; A(0 1 /2 )p = 0.059 log K' - 0.059p1,lgiCff x.a log Cx

For the section of the curve from -2 to 0: p 2, K' = 2.710-4.

For solutions with a total concentration of Na 2 SO4 + NaC104 = 1 M,

t = 250 (Fig. 5)):" p r 2; K2 ' = 1.110- 2 .

The composition of the discharged complexes can be estimated,

by using the equation of A.G. Stromberg, on the basis of which

the concept of Gerisher was proposed, on the connection between
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the composition of the dischargedcomplexes and the dependence of

current density on concentration of the complex-forming reagent

alg io '_ (4)
eig C. P2+ b d gCx

where P2 is the composition of the complexes discharged at the

cathode.

Since O bP,
0 Ig C,

where P1 is the composition of the complex predominatig in the

solution,

. Ig 10  P2 1

In accordance with Fig. 3,

-Og io - 0,665 = P-- P1,
SIg Cx

where Pl = 1.2.

If the value of 6 is assumed to be 0.006, P2 n 2.

In this manner, by anuapproximate estimate, the compositbnn

of the discharged Cr (III) complexes in sulfate media is close to

the composition of the complexes occurring in the solution in

the predominating quantity, and the sulfate group in them

occupies two coordination sites.

Interesting singularities of the electrochemical behavior

of the Cr (III)-Cr (II) ionsin sulfate media are displayed with

9



change in solutionttemperature. The nature of the dependence of

Cr (III) + Cr (II) exchange current densities in 0.1 M Na 2 SO4 on

temperature, obtained for five series of solutions, with pH from

1.7 to 3.0, are shown in Fig. 7. The trend of this dependence

is unusual; the temperature does not affect the oxidation-

reduction reaction exchange current in the 30-700 range. However,

if the nature of the curves of the four series of tests is taken

into consideration from the fifth one, some increase in exchange

current can be noted in the temperature region around 500 and,

again, some decrease in them with increase in temperature to 700.

A.V. Pamfilov et al. [2-6] has already noted a change in

certain properties of chromium salts in water solutions, in the

transition through the solution temperature around 400, which was

explained by change in structure of the water at this temperature.

This phenomenon has been confirmed by our example of change in

reaction exchange current densities in 0.1 M sulfate solutions. /582-
However, in more concentrated S042- solutions, we did not observe

similar facts. Evidently, the properties of the chromium ions

do not change in all cases, with change in water structure.
2-

How are Cr (III) solutions described, with respect to low SO 4
2-

concentrations? The smaller the SO 4  excess in the solution,

theiJ.ower its temperature and, apparently, the lower the concen-

tration of OH ions, the less the competitive capacity of the
2--

SO4
2- and OH groups, compared with water molecules, in forma-

tion of complex compounds with Cr (III) and the more likely the

preferred formation in the solution of the chromium hexahydrate

ion [Cr(H20)613 . With increase in temperature of these solu-

tions, the exchange current changes, as a result of two factors.

One the one hand, the increase in temperature, as usual, decreases

the extent of irreversibility of the processes. On the other

hand, with increase in temperature, the violet modification of the

chromium ion changes to green, i.e. the equilibrium between the

hydrated chromium ions and sulfate or hydroxysulfate Cr (III)

complexes of the [Cr(H20) - x - y.(SO4)ax(OH)y] ( 3 - 2x - y) type,

10



-4~, shifts in the direction of forma-

tion of the latter. At ;(-- identi-

cal temperatures, the green salts

are characterized by lower

-__& o -- " exchange current densities for

the reaction indicated above

than the violet t ivalent chromium

5 . hexahydrate. In more concentrated
2-

- -F SO 4  solutions, the temperature

/0 , effect ispimperteptibhe, because,
... . - .C with an excess of S04  , the

Fig. 7. Cr((III) + Cr (II)nFig. 7. CreIII) Cr (II) equilibrium between purely hydrated
reattion exchange current
density i0 in 0.1 M Na 2 SO 4  Cr (III) ions and sulfate complexes
vs. temperature, for five is shifted in the direction of
series of solutions, pH
1.7-3.0. formation of the sulfate form at

still lower temperatures. With

increase in temperature, the

reversibility of the Cr :(.III)-

Cr (II) oxidation-reduction reaction usually increases, for

monotypic complexes.

For precise definition of the effect of temperature on the

Cr (III)-Cr((II) oxidation-_rduction exchange currents in sulfate
2-

solutions with low SO4  concentrations, a special polarographic

study wasacarried out. In this case, to improve standardization

of the polarography conditions assigned, a method was worked out

for obtaining the sulfate salt of divalent chromium in crystal

form. Solutions containing Cr (III)-Cr (II) were prepared from

the salt obtained, without heating (at 200), for the purpose of

establishing a constant composition of the chromium complexes

and improvement in reproducibility of the tests. The preparation,

storage, and polarographyoof the solutions were accomplished in

a hydrogen atmosphere. Heating and cooling of them for study of

the effect of temperature was carried out right in the polarographic

cell, by means of a thermostat. The drop electrode potential was

11



measured by the compensation method. A type Lp 60 polarograph,

with an automatic electronic recorder, was used for the study.

The total chromium content in the polarography solution was /59

3.85'10- 3 M. The sensitivity of the electronic galvanometer,

with 1/300 and 1/500 shunts, was 3"10 - 7 and 5.10 - 7 A/mm, respec-

tively. The capillary characteristics: -3.6 sec (at -1.0 V);

m is 1.789 mg-sec - .

In study of the effect of temperature on the polarographic

behavior of the Cr (III)-Cr (II) ions, each "temperature point"

was investigated twice. The first time, with the prepared solu-

tion heated initially,

. - -and the second time,

! / with cold solution. This

Sprocedure resulted in

discovery of the non-

equilibrium nature of

the system in one case

or another, which must

have been manifested in

noncoincidence of the

- -results of polarography

-, of the solutions for the

"forward" and "reverse"

directions of temperature

change. The appearance
e .. 1, 7 e of several polarograms

is shown in Fig. 8-10.

Fig. 8. Polarograms of Cr (II).Cr (III) The dependence of
oxidation-reduction in 0.1 M Na 2 SO4 e
solution, pH 2.3, shunt 1/500. Tem- th e d c noe
perature: 1, 1'. 200; 2,2'. 250. 3, half-wave pot'entials
3'. 300; 4,4'. 400; 5,5!. 500; 6, 6'.
600; 7. 800. Polarograms 1-7 were taken is presented in Fig. 11
in sequence, during heating of the solu- for normal and heated
tions from 20 to 800. Polarograms 7'-
1' were taken during cooling of the solutions. The change
same solutions. :a

12



- - - = .in exchange current

density for the Cr (i>1

S(III) I Cr (II)

6 u reaction vs. tem-

perature is shown

/ 3 - in Fig. 12.

For solutions

with pH from 1.6

to 2.9, two irrever-

I sible waves are found

kk X on the polarograms

- 'Cr (III) Z Cr (II)

reaction). One is

S 'the Cr (II) oxidation

I wave and the other is

the Cr (III) reduction

0 -2 - -6 -- -z - - -4 - o to Cr (II). Withi

increase in tempera-

Fig. 9. Polarograms of Cr (II)-Cr (III) ture, the anode wave
oxidation-reduction in 0.1 M Na2SO4  half-wave potentials /60
solution, pH 2.9, shunt 1/300. Tem-
perature: 1,1'. 200, 2,2'. 300; 3,3'. are shifted in the
400; 4,4'. 500; 5,5'. 600; 6. 800. more negative direc-
Polarograms 1-6 were taken in sequence,
during heating of the solutions from tion and the cathode,
20 to 800,. Polarograms 6-1' were

in the more positive,taken during cooling of the same
solutions. in this manner approxi-

mating the equilibrium

half-wave potentials

('Fig. 8).

For solutions with pH 2.9 and higher, in addition to the

Cr (II)-Cr (III) oxidation-reduction waves, a third wave is ob-

served on the polarogram, corresponding to reduction of the

chromium ions to the metal.

13



.. .On polaro-

grams of solutions

with pH above 2.9

and temperatures

above 400 (Figs.

9, 10), the anode

Cr (II) oxidation

wave is split into

two. In this case,

the initial section

of the oxidation wave

remains in the for-

J mer location, but

S -2 -0 - - the second oxida-

_r V tion wave formed

is shifted in the
Fig. 10. Polarograms of Cr (II)-Cr (III)
oxidation-reduction:]in 0.1 M Na 2 SO4  positive direction.

solution, pH 3.8, shunt 1/300. Tem- With increase in
perature: 1,1'. 200-; 2,2'. 300; 3,3'.
400; 4,4'. 500; 5,5'. 600; 6. 800. temperature and pH
Polarograms 1-6 were taken in sequence, of the solution, the
during heating of the solutions from
20 to 800. Polarograms 6-1' were height of the new

taken during cooling of the same wave increases,
solutions.

at the expense of

reduction in height

of the preceding oxidation wave. This circumstance evidently is

connected with the fact that, under these conditions, poorly

soluble hydroxy salts of trivalent chromium can form in the

electrode layer, blocking the anode.

It is seen from Figs. 8-12 that the half-wave potentials and /61

and the Cr (III) Cr (II) reaction exchange currents, at the

same temperature, especially at 200, are not uniform, and that

they depend on whether the polarograms were taken immediately

after preparation of the solutions at 200 or whether they were

heated to 800 and again cooled to 200. It is interesting to note

14



(sege, Fig. 11) that the oxidation

S t and reduction half-wave potentials,

for solutions with pH below 2.3

-a and 2.5, subjectgddto heating,

became more reversible and, for

2 solutions with pH above 2.5 less

reversible, compared with the half-

S - o ,o wave potentials of the initially

prepared solutions.
Fig. 11. Cr (III)-Cr
(II) half-wave poten-
tials vs. solution pH An additional test of the effect /62
in 0.1 M Na 2 SO 4 , t 200; of time of the temperature treatment
K for cathode waves;
A for anode waves; 1 and subsequent stabilization of
for initially prepared the solutions, from 1 hour to 1 day,
solutions; 2 for heat
treated solutions. demonstrated complete identity of

the results for various holding times.

The facts described above can be explained in the following

manner. It is evident that, in the initially prepared Cr (III)-

Cr (II) solutions, the trivalent chromium ion is present, not

only in the form of hydrated and sulfate complexes, occurring in

,eqillbrium for given ratios, but partially in the form of some

more stable complex compounds. These more stable and non4labile

compounds could be binudlear chromium complexes, which, according

to some data in the literature, form to one degree or another in

oxidation of divalent chromium ions by the oxygen in the air.

Undoubtedly, their content in the solutions which we prepared may

be very insignificant, since all measures were maintained, to

eliminate the possibility of contact of the solutions with air,

in preparation and storage of the solutions and in polarography

of them. After heat treatment, the binuclear complexes apparent-

ly are destroyed.

In sufficiently acid solutions, in which the hydroxo com-

plexes are not stable, after destruction of the binuclear chromium

15



i lt 2c'omplexes by heat treatment, the

Schromium ions remain bound only to

-g 2 water molecules and sulfate anions.

'4 / At low temperature and low
-_ _ 2-

SSO 4 concentration (0.1 M and less),

the predominant complexes in the
b solution under equilibrium conditions

apparently are the violet trivalent

.r chromium hexahydrates, which are most

1 'stable in sulfate solutions. And,

/ since equilibrium is established very

rapidly between the sulfate and

Shdrate Cr (III) complexes, in the
Fig. 12. Cr (III) p

Cr (II) reaction ex- presence of divalent chromium ions
change current density [21], the half-wave potentials on
in 0.1 M Na 2 SO 4 solu-
tion vs. temperature: the polarographs of the solutions
d. for heated solutions; Afterheat treatment are shifted
b. for cooled solutions;
pH: 1. 1.6; 2. 2.0; towards less ptlarization.
3. 3.2; 4. 2.3.

With decrease in acidity of the

initially prepared solutions, the

possibility arises 6dfformation of mixed sulfate-hydroxo complexes,

OH and oxo compounds, the transition to which is greatly slowed,

however. An increase in temperature evidently accelerates these

processes and, therefore, as a result of the thermal treatment,

the concentrations of the more stable complexes in the solution

increases. This appears on the polarograms, as a shift in the

half-wave potentials (especially of the cathode wave) towards an

increase in irreversibility of the processes.

Fig. 12 a and b represents the dependence of the exchange

currents of the Cr (III) Z Cr (II) reaction in 0.1 M Na 2 SO4 on /63

temperature, for solutions subjected to heating and subsequent

16



cooling. In the first case (Fig. 12 a), a great spread of points

is noticed, and, in the second case (Fig. 12 b), a tendency is

clearly seen towards delay in growth of the oxidation-reduction

reaction exchange currents with increase in temperature above 400.

This nature of the dependence of exchange currents on

temperature confirms the conclusion that preliminary heating of

Cr (III)-Cr((II) solutions accelerates establishment of equili-

brium conditions in them.

Sinceethe lag in increase in

Cr (III)-Cr (II) reaction exchange

-1 / currents with increase in tempera-

ture was caused by change in

equilibrium composition of the

Cr (III) complexes with temperature,

Sname.1y, by conversion of the hydro.-

S•4 X6 complexes predominating in the

solution at low temperature to the
Fig. 13. Cr (III) ~ Cr more stable sulfate complexes at
((E} reaction exchange
current density in 0.01 M increased temperatures, the observed

Na2SO 4 solution vs. effect may increase with decrease
temperature: 1. for 2-
heating solutions; 2. for in concentration of the S04 back-
cooling solutions. ground, since the equilibrium

fraction of trivalent chromium

bound to the sulfate anion at low

temperatures decreases still more with decrease in sulfate anion

concentration.

The results of Cr (III) Cr (II) reaction exchange currents

vs. temperature, concerning more dilute S042- solutions (down

to 0.01 M), are presented in Fig. 13.

Not only a drop in growth of exchange currents with increase

in temperature, but a decrease in them at tempenatures above 400,

are clearly expressed here.
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Conclusions

1. The electrochemical behavior of Cr (III)-Cr (II) was

studied, in a mercury drop electrode in sulfate solutions.

2. The transports, numbers,, Cr (II) + Cr (III) oxidation-

reduction reaction exchange currents, composition and apparent

instability constants of the Cr (II1) sulfate complexes formed,

were determined.

3. For the case of Cr (II)-Cr (III) ion reduction-oxidation,

in dilute sulfate solutions (0.1 M)and below), an unusual tem-

perature dependence of the reaction exchange currents was found,

passing through a maximum, which is explained by change in

composition of the Cr (III) complexes in the solution, and which

confirms the observations of A.V. Pamfilov and colleagues, of

change in certain properties of chromium salt solutions, with

transition of the solution temperature through 40-500,
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